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ABSTRACT
Determinations of the current tolerences of
sodium thiosulfate and ammonium thiosulfate
fixers are made and compared. The rate of
fixation of ammonium thiosulfate fixer before
and after electrolysis is studied. The current
efficiency of low current density electrolysis
in ammoniumthiosulfate is found. Causes and
forms of sulfiding are discussed and related
to the work of the experimenter.
INTRODUCTION
There are many methods of silver recovery in use today; metal
replacement, precipitation as sulfide and electrolysis being the most
prominent. The advantage of electrolysis is the purity of the silver
recovered, nearly 100$. This method has several disadvantages
which
have caused most photof inishers to adopt other methods. The reclaiming
by electrolysis involves fairly complicated although not overly expensive
equipment and it is necessary to have trained personal to monitor
the apparatus. This is particularly true when a high current density
high agitation unit is used.
The limiting factor in electrolytic units is the formation of
silver sulfide rather than silver metal at the cathode. The silver
sulfide forms as a precipitate and inhibits further formation of
silver;metal.
An exhausted fixing solution contains silver complexed with
thiosulfate. However, a small amount of free silver ion exists from
disassociation. With electrolysis the free silver ion is reduced
at the cathode allowing more silver ions in turn to disassociate
from the thiosulfate complex. Simultaneously, the uncomplexed
thiosulfate ions compete for electrons at the cathode but require
two electrons for reduction while the silver ion requires only one.
Therefore, as long as there are free silver ions in the vacinity of
the cathode, plating will continue as desired. However, since the
silver-thiosulfate complex is negatively charged, it migrates toward
the anode. leaving a potentially low concentration of free silver ions
at, the cathode. If the uncomplexed thiosulfate ions are reduced to
any extent the formation of
silver sulfide will occur from the sulfur
u
ion freed by this reduction.
To prevent this reaction from occuring sodium sulfite may be
added to the solution to change the equilibrium of the sulfur ion
3
forming reaction and thus lower the chance of the formation of silver
sulfide. A second factor influencing the plating characteristics
is the gelatin concentration. The gelatin concentration of a heavily
worked fixing bath is sufficient to physically inhibit the migration
of ions in the solution and thus introduce the formation of silver
sulfide. However, the gelatin does plate out on the cathode in about
a 2% concentration and this plating of gelatin with silver is found
to be benificial. In the absence of gelatin the plated silver is
highly crystaline and the formation of these crystals tends to trap
silver poor solution at the cathode surface. This introduces the
formation of silver sulfide. The gelatin plated with the silver
reduces the crystaline nature of the silver formed and prevents the
u
trapping of silver poor solution.
APPARATUS
The recovery apparatus consisted of a AC-DC rectifier
with
controls provided by a variable voltage transformer on the AC line,
a step resistance in the rectifier circuitry, and a
potentiometer
on the DC line voltage. The rectifier was connected to four recovery
cells in series. Amperage was monitored by a milliampmeter in series
with the DC circuit and voltage aacross the cells was periodically
checked using a voltmeter in parallel circuitry.
The recovery cells were constructed with carbon anodes and #316
stainless steel cathodes to resist corrosion. The anodes and cathodes
were seperated by Jf inch. The effective area of the electrodes was
6 square inches and limited to the facing surfaces. The anode back
was insulated with paraffin and the cathode back with asphaltum.
Constant positioning of the electrodes in the cells was provided for.
Detection of the formation of silver sulfide was provided for
with lamps at either end of the row of cells and mirrors placed next
to the cell to facilitate observation. In this way the precipitate
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A sodium thiosulfate solution was also mixed to determine the
correlation of the data produced by this researcher's apparatus with
the data of previous researchers. and to provide a comparison of the
possible rates of electrolysis of the two types of fixers. The
composition was as follows:
, gelatin .15 g/l
ft* 6
Na2S03 20.0 g/l
sodium thiosulfate 215.0 g/l
HAc (glacial) 9 ml/l
boric acid 7.5 g/l
A randomized experiment was conducted at seven levels of silver
bromide concentration in ammonium thiosulfate with three replicates
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at the low and high concentrations to provide an external estimate
of error. Four cells were run simultaneously with one
level of silver
bromide concentration in the four solutions listed above. The end
point was taken to be the visual formation of silver sulfide in the
solution, during 5 min. at a current level.
A seperate experiment was run to determine the effect of electrolysis
on the rate of fixation as clearing time. Four cells with 6.0 g/l
silver* bromide in solution 4. Two replicates per cell were made of
clearing time determinations before electrolysis and after 12:45 hr.
of electrolysis at 30 milliamps, Kodalith ortho film was used.
Simultaneously an experiment was run to determine the rate of
silver plating and the purity of the silver plated. This also provided
a measure of current efficiency. The cathodes were weighed, plated
for 9:00 hr. and reweighed. The plate was then disolved in hot nitric
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Determination of the effect of elctrolysis on the clearing time of
ammonium thiosulfate fixer.
cell 12 3 4
average initial clearing time (min.) 23 20 20 25
average clearing time after 12:45 hr.
electrolysis 26 27 24 25
Determination of amount of silver deposited, purity and current
efficiency.
The purity of the plate determination was lost through an error
of the experimenter. Assumming the purity of the plate to approach
100$ as reported by other experimenters and as approximately shown
by this experimenter, the silver was plated at 2.0 - 2.5 g/amp hr-
which may be compared with the theoretical peak rate of 4.02 g/amp hr.
CONCLUSIONS
While there were statistically significant
differences varying
the sulfite, gelatin and silver bromide concentrations of the
-
.rnoiu::
ammonium thiosulfate fixer, no significant difference was found
between the sodium thiosulfate fixer and its similarly composed
ammonium thiosulfate counterpart.
There was no statistically significant increase in clearing time
after electrolysis although the data would seem to indicate that a




The unusually high current tolerences for the low silver bromide
concentrations may be due to an inability to visually detect the
sulfide formed. If the time at one current level was increased,
sufficient sulfide for visual detection might form. Particularly
noted was a yellowing of thecathode surface at 0.20 g/l AgBr in the
sodium thiosulfate solution without actual evidence of the sulfide
precipitate in the solution. It was also noted that the precipitate
formed in both a brownish-yellow and a gray. The color was largely
dependent on the silver bromide concentration. This difference in
color can be accounted for by the size of the particles formed.
The smaller particles are selective in transmitance and therefore
are yellowish. The larger particles are nonselective.
While other researchers have reported the current tolerence
of ammonium thiosulfate fixer to be about twice that of a similafc
sodium thiosulfate solution at low silver bromide concentrations;
this researcher did not find evidence of such a relationship. Two
reasons may account for this: l)the high current tolerences found
as mentioned above, 2) the lack of sufficient experimental data for
the sodium thiosulfate fixer.
In checking the voltage at each current level it was found that
frequently a large &v occurred at approximately the point of sulfiding,
This may be explained as a change in cell resistance as the reaction
goes from silver reduction to thiosulfate reduction. The large kv
was not sufficiently consistent with the visual determination to
be used in its place.
The differences in pH of the various fixers can be accounted
for by the change in sulfide concentration and perhaps, gelatin
concentration. The researcher was unable to determine the pH of
a nonacidified gelatin solution of similar concentration because of
//
time limitations.
The lack of significance in the clearing time determination may
be due to the thin emulsion, rapid clearing litho film used. Alternately
the cause of the change in clearing time may be due to carry off and







































Schematic diagram of electrolytic apparatus
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